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SPECIFICATION 

1. Title of the invention 
semi-lnsulatiftg GaAs Single Crystal 

2. What is Claimed let 

seml-tnmimiig o»te smole «I» ttl » ewrtK " > " 
<U.p«l so «s to Mk« oarton concentration higher than 1*U«. 
fMMI^X »~ «"» ->c»c«.t»tl.n of EL2 '* 10h 
* deep M*> in*. »« conc.ntr.tion 1. lower 

than the oarfcon qonibentration. 

3. Detailed Desertion ot the Invention 
{Field of the invention 1 

The preeent invention relates to the technic of 
^.cturin. a cocoon* .eml-ccnaucti™ s» S l. oryst.L .»a 
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1. Title of the Invention 

Semi- Insulating GaAs Single Crystal 
5 2. What Is Claimed Is» 

Semi-insulating GaAa single crystal in which 
carbon Is doped so as to make carbon concentration 
higher than middle donor ooncentratlon and lower then 
concentration of BL2 union forms a deep donor level. 
10 and silicon ooncentratlon la lower than the carbon 
ooncentratlon . 

3. Detailed Description of the invention 
[Field of the Invention] 

The present invention relates to the technique of 
15 manufacturing a compound semi-conductive single crystal, 
and relates to the technique effective in manufacturing, 
e.g.. seml-lnsulatlng GaAs single crystal. 
[Prior Art! 

As a method of manufacturing a compound semi- 
20 conductive single crystal, a method of dipping a seed 
. crystal into melt of raw material of the crystal and 
. pulling up the seed crystal, and a method of gradually 
. solidifying melt of raw material of the crystal are 
» used. Especially for GaAs single crystal, practical 
25 • single crystal growth is performed by LBC method 
(Liquid Encapsulated Csoohralski method) which is 



categorized in the former method, GF method (Gradient 
Freeze method) and UB method (Horizontal Bridgeman 
method) which are categorised in the latter method* 
The GaAs single crystal has high electron mobility, 

5 therefore used as substrate for a high speed IC and FET 
for high frequency. To be used for the foregoing 
purpose, the crystal most have a resistivity higher 
thaiv 10 f Q'csu The GaAs single crystal of such High 
resistivity can be grown by using direct synthesis 

10 method of Ga and As in the LEC method, or by doping Cr 
or using a pBN boat in the HB method* 
(Problems That the Invention Is to Solve] 

However , in the conventional methods # it is 
difficult to grow high resistance crystal with good 

15 reproducibility, and there are problems in which 

resistance differs between the upper and lower portions, 
in the axis direction, of the grown crystal, and 
between the central and peripheral portions of a wafer 
quarried from the crystal. 

20 Further, a GaAs electronic device is typically 

made as a FBT* and in order to make the FBT r impurities, 
such as Si and Se, which act as shallow donor should be 
implanted to the high resistance GaAs substrate by ion 
implantation, followed by annealing to activate thorn, 

25 thereby forming an active" layer having conductive 

characteristics on the surface of the crystal. However, 
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carbon in the crystal acts as shallow acceptor; 
therefore, if the amount of carbon is large , a part of 
the donor impurities is compensated by the carbon, 
which reduces the activation rate. Further, In the 
5 annealing performed after the Ion implantation, the EL2 
concentration that acts as deep donor of the GaAs and 
Is the point defect of the GaAs decreases near the 
surface. However, If the carbon concentration Is high, 
the BL2 concentration becomes lover than the carbon 
10 concentration near the surface, which makes the surface 
of the crystal a low resistance layer of p-type. When 
the resistance Is lowered in the foregoing manner, 
active areas on the substrate surface which ere 
Isolated by *seal- insulation area are electrically 
15 connected, which makes It impossible to Isolate 

elements. As a result, characteristics of GaAs, namely 
high resistivity, can not be effectively utilized. 

Further, GaAs la considered to become semi- 
insulating When EL2, the point defect of GaAs, which 
20 aots as deep donor Is balanced with Si Which acts 

shallow donor, as well as with carbon C which acts as 
shallow acceptor. In other words, when the 
relationship between the concentrations Is EL2 > C > Si. 
GaAs Is saml~lnsulatlng. If C exceeds EL2, then the 
25 crystal has low resistance of p type. Further, if Si 
exceeds C, then the crystal has low resistance of tf 



type. More specifically, in order to m a intain semi- 
insulating characteristics , the cartoon concentration 
mast be lower than the 8I»2 concentration and higher 
than the SI concentration. 

5 However, the Inventors of the present invention 

found out by experiments that the three level model as 
described above $ld not fully explain the mechanism of 
semi-Insulation of GeAs, because resistivity of a part 
of crystal frequently dropped to 10* to 10* Si-cm during 

10 practical single crystal growth, in other words, the 
inventors found out that the drop of resistivity to the 
order of 10' to 10 § from occurred even when high 
resistance conditions by the aforesaid three level 
model (BL2 > C > Si) were satisfied, by analyzing the 

15 BX.2 concentration by infrared absorption measurement, 
the carbon concentration by FTIR (Fourier 
Transformation xnf rafted analysis), and the Si 
concentration by SIMS (Secondary Ion Has* Spectrometry). 
This resistance drop can not be explained by the Si 

20 concentration exceeding the C concentration. According 
to theoretical calculation, the normal resistivity is 
10'* to 10 l Q*cm when the Si concentration exceeds the C 
concentration - 

From the above facts, the inventor reached the 

25 conclusion that upon increasing the resistance of GaAs, 
a middle donor, other than EL2 , C, and Si, having some 



level, euoh as middle energy level, participates In 
giving OaAs semi •insulating property. In practice, 
when the inventor measured the dependency on the 
temperature of the resistivity of a crystal whose 
5 resistance Is levered to about 10* to 10* Q*cm, the 

active energy Is 0.45 to 0,«0 eV. rails result supports 
the hypothesis of four level model given by the 
Inventor. 

The temperature at which the middle donor becomes 

10 dominant Is not clear yet, however, the temperature 
always changes through the temperature range In which 
the middle donor becomes dominant In cooling the single 
crystal after the crystal growth. Therefore, as will 
be known from the mechanism that the crystal gains 

15 semi-insulating property, when the concentration of 
carbon, which has a shallow acceptor level, is In 
between the BL2 concentration and the middle donor 
concentration, the crystal always becomes high 
resistant regardless of Its thermal history. In 

20 practice, carbon concentrations of crystals having 

different resistivity are analyzed by the PTIR method, 
and the results are as shown In Fig* 1 and crystals 
having carbon concentration more than a fixed value 
have high resistance. Mote, In Fig. 1, the carbon 

25 concentration IC1 Is given by an equation, tCJ - f x A 
x a, where f Is a conversion coefficient, A is half 
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width, and o Is an absorption coefficient, like 
conversion coefficient £ used In the calculation Is 2.4 
x 10" cm* 1 . 

The present invention Is made on the basis of the 
5 experimental data relating GaAs as described above, and 
Its object Is to provide a technique for obtaining high 
resistance aryetol with little variation with good 
reproducibility by intentionally adding carbon to a 
crystal more than a predetermined amount. 
10 {Means of Solving the Problems, and Operation of the 
Invention] 

As for methods of growing a GaAs single crystal,, 
there are commercially the LEC method and HB method 
basically as described above, and the I*EC method is 

15 especially explained below. However, the principle of 
carbon doping method la the same for the HB method. 

In a case of growing GaAs single crystal using the 
LBC method ftdbgh purl$y Ga and As ar© iadmi**^ into $ 
pSt* cpivibla, the^'# a 0»r i8 furthe* ,*dd*d to £b»JBBN 

20 crucible as a. 4iqul4 enoap suiation agent. Ga ana As 
ere directly compounded under high pressure within 
container to make GaAs melt. At this time, B^o, is 
mp£ted and floats over the GaAs melt, thus acting as 
capsuratlon agent preventing As from dissociated. In 

25 the LBC method* a seed crystal la dipped into the GaAs 
melt, pulled up at a fixed speed while rotating the 
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freed crystal and the crucible , thereby growing single 
crystal. The amount of carbon within the crystal is 
baaad op the carbon already mixed in the raw mater rale 
6a and As, or based on the carbon dissolved into B^O, 

5 as 00 gas in ambient gas, restored with reacting vith 
6a to enter in the 6aAs melt, and in the result, 
entering the grown crystal* However, by baking the pBH 
crucible or graphite hot zone and the lite well and 
lifting high parity Ar gas, the carbon density within the 

10 pulled up GaAs single crystal can be lowered enough, 
normally to 2 x 10" cm** which is the low limit of the 
PTIR method. In order to make the crystal have high 
resistance by Uniting the amount of carbon as in ti>lH 
invention, the low amount of carbon within the crystal 

15 obtained by growing with no active carbon doping as 
described above is the presumed condition. 

In the above single crystal growth condition where 
the background of the ca rbon concentration in the 
crystal la small, a method set form in the following 

20 can be considered in order to dope a Predetermined 
amount of carbon in to the crystal. 

fl» Method of adding carbon fllrentlv Into raw 

material 

In the LfiC met hod and HB method, fine powder of 
2Si hlqh-purltv carbon is weighed, and a predetermined 

amount the reof is admitted into a pBN cmolble or pBN 
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directed Into ambient oae of constant amount »r Into ft. 
vacuum tube, whereby nwroon la donee into the 

malt bv tb o ^aam:±on between the carbon oompoond ana 
tba CaAa malt. Xa a result, carbon can be doped Into 

5 the Blade awitl that Is to be grown. 

By growing the GaAs single oxystal to which a 
predetermined amount of carbon la doped by the above 
method. It Is possible to obtain the desired: GaAs of 
high resistivity with high reproducibility . Variation 

10 in electrical characteristics between wafers and lots 
of substrate causes a decrease In yield when 
manufacturing element 8 euoto as FBT, however* it Is 
possible to remarkably reduce the variation according 
to the present invention, thereby greatly improving 

15 yield In the last manufacturing step. 

Palna a ftlnh p ftawira single crystal pull pp . 
device ao« E f>» ffl|n f | the EBC method, a single crystal of 
Ba&a was or™™ ■The crnclble used In the furnace and ^ 

20 the arauhl^-maaa cnmbnent called hOt sona were 

nravlonal v hJtV^d In yeanum at 1B00°C. The high PUrj,ty . 
nroatiot of w f99.999O0*l of mai-arlals fla and ns were 
«aad. Crauhlta nawdcr o * hloh tmrltv were admitted 
into a t>BM «»maibia n f 6 Inch In diameter so that the 

25 oarbon oop ^tiratlia. *n the GaAe melt was approximately, 
4 x 10" cm'*. Here- the amount t o be added ls_ 
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determined talcing i nto consideration the segregation, 
«n»«iBlant of nar-bon. then. G* and As Tfere APgeft^d- , 
Than. B T O t serving as a sea ,],**!? *«ftnt ws" admitted. — 

• "H tn f , trrr^ f n ny |, - 1 -'» namblpfta 10 tha fr*"** 00 ' wa then 

5 melted, an fl * need orfflrt ? 1 m « dinned and then milled 
un at the of frpm/n. The ambient at the time Qf 

growth was Ar oas and 20 at» t PolJoyiBff the Q jgS£B3w 
g ^^n . «mitol was cooled down *P room , temparft^ft 

taking anr~r~**toft*'*'- fl tema ' 

10 THe MHiativl w of the grown GaAs single crystal 

of 2-3 inches in d< - ff»*ey h*« » high resistance of 1Q T 
Q«n at leant- from the upper to lQW»r pomptt **"> ■■ 
cr ystal. Figs. 2(a) and 2(b) respectively show the 
distributions of the resistivity ot the grown crystal 

15 In the growing direction when carbon is doped and when 
carbon is not doped. The resistivity of the GaAs 
single crystal is affected by the composition of the 
melt when the GaAs single crystal grows. The crystals 
shown in Figs. 2(a) and 2(b) are both grown using the 

20 melt having substantially stolobiometry composition. 

Farther, several crystals are grown under the aforesaid 
condition to check reproducibility . 

As a result, according to the embodiment, it is 
found that high resistance crystal is obtained with 
25 100% yield. In contrast, in a oase of doping no carbon, 
only one out of eight grown crystals becomes to have 
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high resistance more than 10 T 0*cm throughout, ana 
resistance of a part of the rest of the crystals Is 
decreased aa low as 10 s to 10* from* 

Further, the mobility of the high resistance 
crystal obtained In this embodiment la 4500 to 
BOOOcrnVv-S. Furthermore, the crystal showed good 
thermal stability during activating heat process by the 
cap anneal method using a silicon nitride film as a 
protective film, and did not suffer thermal 
denaturation- EPD (Etch Pit Density) of grown crystal 
was 1 x 10 4 to 3 x 10* cnf* regardless of whether carbon 
Is doped. The carbon concentration of the carbon doped 
crystal by the FTIR method Is 2 x 10" to 4 x lO" o»° # 
and the variation of the carbon .concentration among 
crystals was small* 

Further , the EI»2 concentration of the grown 
crystal of the embodiment was almost stable and ranged 
between 1.3 x 10" to 1.5 x 10 M W\ 

In the present Invention as described above, based 
on the assumption that the middle donor having a middle 
energy level participates In giving Ga&s semi- 
insulating property in addition to the levels of BL2, 
carbon, and Sir OaAs single crystal Is grown so that 
the carbon concentration whose acoeptor level is 
shallow 16 in between the 8L2 concentration and the 
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middle donor concentration. She middle donor 
concentration reaches 2 x 10" cm 4 in a dense case. 

Therefore, if the other growth conditions are 
satisfied, it is possible to obtain GaAa single crystal 
5 having resistivity of more than 10* Q*tm even when the 
carbon concentration ia as low as 2 x 10 u cm"** However, 
as apparent from Fig* 1 which shows the analysis result 
by the PTIR method, high resistivity is more stably 
achieved as carbon concentration become higher. 
10 If the carbon concentration is dose to the middle 

donor concentration, the resistivity of the crystals 
may vary in accordance with various growth conditions , 
such as crystal growth temperature and It* gradient, 
pulllng-up speed, and cooling rate. Therefore, it is 
15 still not clear how these conditions to be set for 

achieving high resistivity of, e.g», 10 T ft'cm* Whereas, 
as clearly seen from Fig* 1 showing the analysis result 
of the FTIR method. It is possible to obtain GaAs 
single crystal of high resistivity greater than 10* 
20 Q*cm with near 100% yield by setting the carbon 
concentration to greater than 3,5 x 10" can* 3 , 

Accordingly* it is appropriate to set the lower 
limit of the carbon concentration to 3»5 k 10 m can* 3 at 
this point. It should be noted that 10* Q-cm is set as 
25 a standard of high resistivity i however, in order to 
attain a higher resistivity than 10 T a*cm, the lower 
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limit of the carbon concentrat Ion should be Increased 
accordingly. 

t Effects of the Invention] 

Qpon manufacturing semi-insulating GaAs single 
5 crystal, by doping carbon so that the carbon 

concentration becomes higher than the middle donor 
concentration and lower than the EL2 concentration , and 
setting the silicon concentration lowex than the carbon 
concentration, it Is possible to obtain seml-lnsulatlng 
10 GaAs single crystal having a good heat stability and 
having uniform and high resistivity along the direction 
of crystal growth with good reproducibility . 
4* Brief Description of the Drawings 

Fig. i is an explanatory view showing the 
15 relationship between the carbon concentration and the 
resistivity of siml-eonductlve GaAs single crystal , 

Fig. 2(a) is a graph showing a transition of 
resistivity along the direction of crystal growth of 
the GaAs single crystal obtained by applying the 
20 present invention, and 

Fig, 2(b) Is a graph Showing a transition of 
resistivity along the direction of crystal growth of 
the GaAs single crystal when no carbon Is doped. 
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ppfif ARATION 



I, Mlkto Komlnaml, resldlngiat 7 th a, Shuwa Wolcho Parte Bldg.. 3-6, Wolcho, 
Chiyoda-ku, Tokyo, Japan, Jdo hereby solemnly and sincerely declare that I 
wall understand the English and Japanese languages and thai the attached 
English translation is a correct and faithful translation of Japanese Patent 
Laid-open Publication Document No.64-37833. 
May 18, 2002 




.7 »h PI., Shuwa Kloiono Pa»k Bldg., 
3-6, Kioleho, Chlyoda-ku, 
Tokyo, Japan 
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